Boundaries of Fluid Mechanics by Siegel, Keeve Milton




F I G . 1. Comparison of slip flow criteria. 
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T N OCTOBER'S AERONAUTICAL ENGINEERING REVIEW, Mr. 
Roberts points out a new criterion1 suggested by H. W. 
Liepmann to distinguish the realms of fluid mechanics. In the 
literature there already are criteria that at tempt to define 
the regions of fluid mechanics. This note compares these 
criteria. 
BOUNDARY BETWEEN CONTINUUM ANALYSIS 
AND SLIP FLOW 
(2) Tsien:3 
A/5 = M/S/R, R » 1 
A/5 = M/R, R < 1 
A/5 = 0.01 
(3) Schultz, Spencer, and Reifman:4 
A/5 = 0A38(M/\/R) ^ M/2\/~R 
A/5 = 0.05 
(4) Roberts:1 
R/M* = 100 
We can compare these criteria in two ways: first, 
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In the region of the atmosphere under consideration T/ TQ can be 
considered unity in an order of magnitude analysis. 
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Subscript 0 signifies sea-level conditions. 
(1) Donaldson:2 
MX/l = 0.04 
Second, an extension of Donaldson's Appendix A,2 
M2 _ M^ M2 
R ~~ pvl/n ~ (w//X)(pX//i) 
but M = 0.499p c X and c = 1.462a; hence, p. = 0.73paX and 
M2 _ M2 
R ~ vl/0.73Xa 
MX 3 MX 
a 7 3 T ^ 4 7-
192 J O U R N A L O F T H E A E R O N A U T I C A L S C I E N C E S - M A R C H , 1 9 5 0 
Let us use M2/R = (M\/l) (1/2) to compare the criteria. 
(1) Donaldson: 
MX/l = 0.04 
(2) Tsien: 
M\/l = 0.0002 
(3) Schultz, Spencer, and Reifman: 
MX/l = 0.02 
(4) Roberts: 
M\/l = 0.02 
I t thus appears that in any order of magnitude discussion that 
criteria (1), (3), and (4) are equivalent. 
Lo5 has superimposed Tsien's criteria on a graph of M versus 
log R for the flight of V-2 missile No. 21, fired on March 7, 1947. 
We have added the other criteria to this curve. We note in 
Fig. 1 that there is a spread of 131,000 ft. between application of 
these criteria. 
D I F F E R E N T CRITERIA FOR THE LOWER BOUND OF F R E E 
MOLECULE FLOW 
(A) Roberts: 
R/M2 = 0.01 
M/VR = 10 
Fig. 3 shows a sketch of the distorted element, and 
Fig. 4 gives the ordinates and pressure coefficients for 
lines on the surface defined by various planes passing 
through the flow axis. The importance of the longi-
tudinal shape of the element is indicated by the pres-
sure reversals that occur for 6 — 0° and 8 = 90°. The 
pressure reversals also indicate qualitatively that a 
drag force acts on the forward half of the element and 
that a negative drag force acts on the rear half. This 
tendency to eliminate the resultant drag is consistent 
with the conclusion previously stated—that no result-
ant drag could be predicted, within the limits of accu-
racy of the theory, for a body ending in a cylinder. 
(B) Schultz, Spencer, and Reifman: 
A/5 = 1 0 
A/5 = 0A38(M/\/R) 
(C) Tsien: 
X/5 = \/l = M/R = 10 
One notes that, in the intended region of application of criterion 
(B), it was thought that R ^> 1, while criterion (C) implied 
that i ? < 1. Thus we can make no real comparison between 
these criteria. 
Of course, we do not know which criteria are the best, since 
this answer must be determined by experiment. 
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